The present edition of large subunit (LSU; 23S and 23S-like) rRNA secondary structures updates and refines the collections of 1988 [1] and 1990 [2] . As in [1] and [2] , each LSU rRNA sequence is presented as a secondary structure, a two-dimensional format that represents, in part, the biologically relevant conformation of the rRNA molecule. When LSU rRNA sequences are configured in this manner, valuable phylogenetic information is readily extracted, facilitating the identification of conserved and variable regions. At the same time, the secondary structure serves as an effective template for relating form to function.
INTRODUCTION
The present edition of large subunit (LSU; 23S and 23S-like) rRNA secondary structures updates and refines the collections of 1988 [1] and 1990 [2] . As in [1] and [2] , each LSU rRNA sequence is presented as a secondary structure, a two-dimensional format that represents, in part, the biologically relevant conformation of the rRNA molecule. When LSU rRNA sequences are configured in this manner, valuable phylogenetic information is readily extracted, facilitating the identification of conserved and variable regions. At the same time, the secondary structure serves as an effective template for relating form to function.
GROWTH OF THE DATABASE
The collection of LSU rRNA sequences has continued its steady increase in the twelve years following publication of the first complete and correct 23S rRNA sequence [3] . The growth of this collection is tracked in Table 1 , with numbers reflecting those sequences that are in the public domain. Within the past few years, a small but growing number of sequences have been released through the GenBank/EMBL databases prior to formal publication; some of these entries still lack a journal citation. Those sequences new to our collection are appropriately noted in Table 2 .
MODELS OF HIGHER-ORDER STRUCTURE
In deducing higher-order structure, comparative analysis is used to reveal features common to all homologous rRNAs. This approach has resulted in detailed and progressively refined higherorder structures for the 23S and 16S rRNAs of Escherichia coli, the standards to which all other homologous rRNA structures are referred. Initially, with a minimal number of LSU rRNA sequences available for comparison, several alternative secondary structures were proposed [4] [5] [6] . As both the number and phylogenetic diversity of LSU rRNA sequences increased, it became possible to test and correct existing models, taking out or adding helices and/or base pairs as appropriate. More recently, expansion of the sequence dataset has made it possible to identify a number of tertiary pairings. The current version of the E. coli 23S rRNA secondary structure is the culmination of over ten years of analysis [7, 8] ; all of the secondary structure pairings and proposed tertiary interactions are now strongly supported by comparative data. We anticipate, however, that additional tertiary interactions will continue to be discovered as new LSU rRNA sequences appear.
The evolutionary process has affected the size as well as the primary structure of LSU rRNAs. The smallest such RNAs are those found in the kinetoplast (mitochondrion) of the trypanosomatid flagellates, such as Crithidia fasciculata (1141 nt), while the largest are those in the cytoplasmic ribosomes of vertebrates, e.g., humans (5182 nt; 5.8S + 28S). While comparative analysis has defined a core of higher-order structure common to all LSU rRNAs, certain other structures are found only within particular phylogenetic subsets. Elucidation of these phylogenetically restricted structures requires comparison of at least several related LSU rRNA sequences (the number depending on the rate at which such structures are diverging).
In the case of those LSU rRNAs comparable in size to E. coli 23S rRNA, secondary structures have been modeled in their entirety. Larger LSU rRNAs (eucaryotic cytoplasmic and some mitochondrial) contain apparent insertions relative to the E. coli structure. Within the past year, a number of these previously unstructured regions have been configured by comparative methods. As additional LSU rRNA sequences are determined, especially within localized phylogenetic divisions, we anticipate that each remaining unstructured region will be resolved. It is of interest that within the eucaryotic nucleocytoplasmic lineage, several of these recently structured regions are common only to a relatively narrow phylogenetic grouping.
All secondary structures follow the convention and layout established for the E. coli 23S rRNA model, the de facto reference structure. The majority of homologous primary and secondary structure features are displayed in an analogous graphical manner to emphasize this structural homology. In a small number of cases, due to insertion/deletion events, this graphical representation varies somewhat for structural elements deemed to be homologous. In future editions of this secondary structure compendium, we will begin to incorporate tertiary interactions that satisfy comparative criteria.
AVAILABILITY AND STATUS OF STRUCTURE FIGURES
As in [2] , the actual 23S rRNA secondary structures are not published here. Instead, readers will find (i) a table of complete LSU rRNA sequences, grouped according to phylogenetic division and including GenBank/EMBL Accession Numbers (Table 2) , and (ii) a publication reference list for these sequences. The comprehensive set of LSU rRNA secondary structures may be obtained in one of two ways. Hardcopy printouts of this set are available directly from us (inquiries should be referred to M.W.G. at the address listed below). Release 1.0, which comprises 88 structures (see Table 2 ), is immediately available. This release contains virtually finalized archaebacterial, eubacterial and plastid structures. Mitochondrial structures have been extensively revised from those first presented in [1] , but a further round of (relatively minor) revision is necessary before these models will be in final form. Eukaryotic cytoplasmic structures in Release 1.0 are largely unchanged from those given in [1] ; an exception is the newly modeled Euglena gracilis cytoplasmic secondary structure [9] , which does contain revisions that are being incorporated into the secondary structures of other nucleus-encoded LSU rRNAs. Newly modeled and refined LSU rRNA secondary structures will be included in Release 2.0, hardcopies of which should be ready for distribution before the end of 1992. Inquiries about hardcopy printouts should state explicitly which Release (1.0 or 2.0) is being requested.
Alternatively, individuals with access to the Internet telecommunications network and a laser printer capable of processing PostScript™ files may elect to obtain files of LSU rRNA secondary structures by anonymous file transfer protocol (ftp). These files are deposited with the Ribosomal RNA Database Project [10] on the RDP computer at the Argonne National Laboratory, and may be accessed as indicated below. Inquiries concerning this on-line service may be directed to R.R.G. (e-mail and postal addresses as noted below).
As time and facilities permit, the rRNA information available on-line will be increased. Initially, it will include the complete set of LSU rRNA secondary structures (in PostScript™ format), the table of LSU rRNA sequences and their accession numbers, and the associated publication reference list. Refinements to existing secondary structures as well as newly modeled secondary structures will be released on-line as soon as we have completed our own analysis. From time to time, we will also update the associated table and reference list. Currently we include only those LSU rRNA sequences that are complete (or nearly so).
ACCURACY OF THE DATA
Ambiguous positions in a published sequence are specified according to the nomenclature recommended by IUPAC (e.g., Y = pyrimidine ; R = purine; etc.). As noted in Table 2 and the List of References, there are independently determined versions of the same primary sequence for several LSU rRNAs. Usually, these alternative versions differ from one another at a number of positions, and at least some of these differences are likely to be sequencing errors. Often, the secondary structure predicts which version of the sequence is likely to be correct at a particular position. On the other hand, it is probable that some of the variation actually reflects genuine inter-or intra-strain sequence heterogeneity, particularly if the differences occur within variable regions [11] . We have also noted that a few published primary sequences differ at one or more positions from their GenBank/EMBL listings, without an indication that the database entry represents a subsequently revised version of the original published sequence. Again, secondary structure modeling may or may not indicate which version is likely to be correct. It is our intent to provide brief annotation in the hardcopy and electronic versions of the secondary structure figures to indicate which version of the primary sequence has been used at discrepant positions.
In compiling the reference list, we have checked each of these citations against the original published paper. We note that citation information in the GenBank/EMBL database is occasionally inaccurate, and for that reason we have provided complete references, including titles.
Finally, we invite further comments from readers, and welcome suggested revisions/alternative interpretations to the proposed secondary structures, as well as suggestions for improvement in the content and/or form of the database. We also solicit newly determined LSU rRNA sequences in advance of publication, in order to accelerate their inclusion in the compendium. 
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